Samples may be prepared in which more than 90°/o of the beryllium is electrically inactive. An isoelectronic defect has been studied by photoluminescence and Raman techniques.8,9
Divalent beryllium should capture two electrons to occupy the substitutional site, and should form a double acceptor. It has been suggested that the 191.9 meV level (Be1) is due to isolated substitutional Be. A recent piezospectroscopic study3 indicates that the center is a tetrahedral double acceptor, supporting this suggestion. Annealing studies show that the concentration of the 145.8 meV level is increased by slow cooling from T>600 oc, but is reduced by rapid quench. On this basis, Crouch and Robertson infer that this level is due to a complex. They suggest a model consisting of beryllium atoms on nearest neighbor substitutional sites.
Calculations10 predict that the lowest energy configuration of such a center has a broken bond between the two beryllium atoms, which then relax into the plane of the neighboring silicon atoms, and is a double acceptor. Str~ss samples were cut to 1 em x 0.4cm x 0.2cm with the 1 em axis along either <111 > or <1 00>.
Infrared transmission spectra were obtained with a Digilab SOE-V Fourier transform spectrometer. For these measurements sampl'es were mounted in a Janis Super-VP exchange gas optical cryostat. Transmitted light was concentrated either onto a Ge:Cu photoconductor mounted in our cryostat, or onto an external TGS pyroelectric detector. Transmission was measured over the range 450 -4000 cm-1. Instrumental spectral resolution was typically set at 0.5 cm-1.
Transmission measurements under uniaxial stress were performed in a stress cell which may be mounted in our optical cryostat. The construction is similar to cells used by others.18 The sample is placed between two pistons. Force is applied to the upper piston through a push rod from outside the cryostat. A known force is generated by a gas piston at room temperature. In this system stress may be changed in-situ.
The homogeneity and reproducibility of the applied stress was tested by uniaxial stress measurements of boron doped silicon, a system which has been previously characterized. Fano resonance series are approximately equal.
Transitions to Rydberg states associated with the split-off valence band cannot be measured for either series. These would be obscured by the much stronger absorption lines of the Be1 series.
Measurements have been made at temperatures between 4 K -50 K. We find the relative intensities of the a and 13 series to be temperature independent over this range. No new features are seen at higher temperatures. This is in agreement with measurements by Peale et. al7. over the range 1. 7K -50K which also show no new features at elevated temperatures. These results -prove that the two series do not arise from a splitting of the ground state . of the system. These data also suggest that there is no higher state in the ground state manifold which may be significantly populated at T < 50 K. To be consistent with our measurements, the nearest level from which transitions may be observed must be at least 5 meV above the ground state.
In addition, a much weaker line is observed at 125.41 meV which is not correlated with the intensity of the Be2 series. The temperature dependence of the linewidth and intensity of the 125.41 meV feature are similar to the Be2 series indicating that this line also arises from an electronic transition. 
B. Uniaxial stress measurements
where Oi,j are the elements of the stress tensor. The stress tensor is defined by Gij = ninjT, where T is the compressional stress and ni and nj are direction cosines of T relative to the axis of the center. There are no polarization selection rules for transitions from these centers.
B. Origin of a. and ~ series
We have shown that the piezospectroscopic matrix elements of the a. and ~ series are identical. These parameters are probes of the defect microscopic environment, and may serve to label a defect.
We have also found that the ratio of intensities of the two series is constant in all samples measured. These data strongly suggest that the a. and ~ series arise from the same center.
Because the relative intensities of the two series is temperature independent, the series must arise from a splitting of 1 3 the excited states. This splitting reflects an additional degree of freedom of Be2 relative to simple acceptors. This can be seen by noting the presence of the line 4 in both series. In simple acceptor systems, the final state of line 4 is a Kramers doublet which must remain unsplit in the absence of a magnetic field. Therefore, if Be2
were trigonal simple acceptor, line 4 could not appear in both series.
In principle this additional excitation may be electronic or vibronic.
Phonon sidebands of electronic transitions have been observed24 in the excited state spectrum of Si:Pt. These sidebands involve the excitation of a pseudolocalized phonon. However, the Be (resonant) vibrational mode2 is approximately 63.2 meV. We feel that it is unlikely that vibrational modes of the Be complex could produce the 2 meV excitation observed. We therefore assume an electronic origin for the splitting.
C. Model
Our experimental results may be qualitatively explained by a trigonal double acceptor model if we make the following reasonable assumptions: First, the effect of the interaction between the two bound holes must be taken into account in a description of the ground state, but may be ignored to first approximation in a description of the excited states. Second, the trigonal distortion of the central cell does not affect bound holes in p effective mass states. A level scheme suggested by our model is shown in figure 5. 14 . . , The trigonal symmetry of the center splits the ra-s state of the 1 s2p excited state configuration into two doublets, A4 and A 516 •
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As discussed above, the two ra p-states also split because. of the trigonal distortion, but the splitting is unresolvable. At zero stress, all the excited states are split due to the s -state splitting. This explains the appearance of the a and J3 line series.
External stress further lowers the site symmetry, but the 1 slike states cannot split further. A two-fold degeneracy must remain because of time reversal symmetry. For the same reason, the r6 and r 7 components of the p-state cannot split, but two components, which are nearly degenerate at zero stress, may separate. The only effect that can appear is the removal of the accidental degeneracy of the A4®As 1 6 quartets that correspond to the 2p-rs states of a tetrahedral acceptor. These split into two Kramers doublets under any orientation of stress. As discussed above, the special case of <111 > stress yields an additional splitting due to a lowering of the orientational degeneracy of the trigonal centers.
The ground state of a tetrahedral double acceptor with two non-interacting holes transforms according to the antisymmetric product {r 8 ®r 8 }. If the hole-hole interaction is ignored, a trigonal distortion will split this ground state into three states: two nondegenerate states ({A4®A4} and {Ast6®As 1 6}) and a four-fold state (A4®As 1 6). In the nondegenerate states, both holes are in either the lower or higher one-particle states, whereas in the four-fold state, one hole appears in each one-particle state. If this non-interacting picture were accurate, the J3 series would not ·appear: The dipole transition is a one particle s-p transition, and the quantum numbers --~--.. -.
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